A system for recording and describing underground accidents was introduced at a group of collieries in the Nottinghamshire coalfield in April, 1944. Three months were spent in a trial period to eliminate working problems and to enable the foremen, safety-officers, labour department, and others concerned to become familiar with the system. The records proper began on July 1, 1944. At the same time, detailed working records were taken from one colliery in the group. These working records were produced weekly, and showed for each man his place(s) of work, his occupation(s), and the number of shifts worked in each occupation in each place. The data had been collected for the calculation of wages and cost analysis. In January, 1947, the costing classification was changed. This meant either working with the two-and-a-half-year observational period then complete, or attempting to match data from two classifications to use a longer period. The additional labour and possibility of error if the latter course were attempted probably would outweigh the increase in information gained from a longer period of study. Thus the data used in this investigation were obtained in the period July, 1944, to December, 1946, inclusive. Working Environment and the Occupations The colliery from which these records were taken is moderately large, having about 2,000 men on its books. The nearest village is about 1 mile away and is predominantly rural. Unlike many collieries it does not have a mining village of its own. The men come partly from the industrial areas of a large town, about 4 miles away, and partly from nearby villages. As the two seams worked are at moderate depth and both are dry, no temperature or humidity problems need be considered. The seams differ; one is hard coal, varying in thickness between 2 ft. 6 in. and 3 ft., with a firm stone floor and roof, requiring heavy props and bars. The other is a much softer coal, varying between 3 ft. 3 in. and 3 ft. 9 in., with a relatively soft and shaly roof. Both seams were worked (during the period concerned) on the longwall advancing method. The cycle of operations and the occupations involved may be briefly summarized.
DESCRIPTION AND SOURCE OF DATA
A system for recording and describing underground accidents was introduced at a group of collieries in the Nottinghamshire coalfield in April, 1944 . Three months were spent in a trial period to eliminate working problems and to enable the foremen, safety-officers, labour department, and others concerned to become familiar with the system. The records proper began on July 1, 1944. At the same time, detailed working records were taken from one colliery in the group. These working records were produced weekly, and showed for each man his place(s) of work, his occupation(s), and the number of shifts worked in each occupation in each place. The data had been collected for the calculation of wages and cost analysis. In January, 1947, the costing classification was changed. This meant either working with the two-and-a-half-year observational period then complete, or attempting to match data from two classifications to use a longer period. The additional labour and possibility of error if the latter course were attempted probably would outweigh the increase in information gained from a longer period of study. Thus the data used in this investigation were obtained in the period July, 1944, to December, 1946, inclusive. Working Environment and the Occupations The colliery from which these records were taken is moderately large, having about 2,000 men on its books. The nearest village is about 1 mile away and is predominantly rural. Unlike many collieries it does not have a mining village of its own. The men come partly from the industrial areas of a large town, about 4 miles away, and partly from nearby villages. As the two seams worked are at moderate depth and both are dry, no temperature or humidity problems need be considered. The seams differ; one is hard coal, varying in thickness between 2 ft. 6 in. and 3 ft., with a firm stone floor and roof, requiring heavy props and bars. The other is a much softer coal, varying between 3 ft. 3 in. and 3 ft. 9 in., with a relatively soft and shaly roof. Both seams were worked (during the period concerned) on the longwall advancing method. The cycle of operations and the occupations involved may be briefly summarized.
The longwall or "face" of coal has three approaches (" gates "), one at each end and one in the middle. The face is first undercut from end to end to a predetermined depth by a cutting machine, operated by machinemen. At the same time the two conveyor belts (which run parallel to the face, one from each end to the middle) are dismantled and moved nearer to the face to be in position for the next loading shift. This movement of the conveyors is performed by flitters. The two belts converge on to a shorter belt, running at right-angles out towards the main roadway (the gate-end loader). This requires greater height than the seam itself allows, and also, it is placed in what will become part of the main road as the face advances. Gaining this extra height by digging into the " floor" and removing part of the " roof " is the work of rippers, who also install the girders of the roadways.
As the face is advancing at the rate of one machine cut per day, the space left behind after the coal has been removed is an important consideration. Near to the existing face this space is preserved by means of steel props and bars which prevent lowering or falls of the roof or the floor rising. (Under mining conditions earth can roughly be considered as a viscous fluid, and any disturbance will slowly be filled in from all sides.) Further back from the working space the steel props are replaced by "'packs ", mounds and walls of stone and rubble, which give gently under the pressure of floor and roof. In due time these packs are compressed to the limit and the space previously occupied by coal has virtually ceased to exist. The rate of closure is important to the working of the face. If it proceeds too rapidly the strain on the roof may prove too great, causing major falls of roof. If too slowly, there is insufficient pressure on the coal at the face, and instead of the undercut coal being partially forced off the face by the roof pressure the full labour of prising it out of the solid is left to the collier. The men who build the packs and remove the props and bars are called packers.
After these preparatory operations the face is ready for the coal-getting shift. Shot holes are drilled by borers and charged and exploded by shotfirers. The coal is broken off the face, broken up, shovelled or lifted on to the conveyor belt by the collier. He also puts up the props and bars as he reaches the uncut coal behind. The coal goes along the conveyor, on to the gate-end loader and is tipped into the mine-cars (tubs), which have been manhandled into position by the loader. A train of tubs is coupled up, clipped on to the endless steel rope, unclipped and reclipped at junctions by haulage hands. At the bottom of the shaft they are unclipped, uncoupled, and put on to the cage (either by pushing, gravity, or mechanical aid) by the pit-bottom staff.
During the course of the investigation there was a steady change towards the use of main road conveyors instead of tubs. These main conveyors loaded into heavier mine cars near the pit bottom.
Work at the face is supervised, and the roof and propping examined, by the overman or his deputy. The main roads and haulage tracks are extended and kept in good condition by rippers and repairers. Maintenance and advancement of electrical equipment is the work of underground electricians. The few pit ponies which remain for odd haulage tasks are in the charge of horsekeepers.
Individual men work mainly at one occupation for some reasonable length of time, but intermittent changes are frequent, the overman booking his men to their jobs according to necessity. Temporary changes of working place are also frequent, and over the course of a few weeks a man may work at three or four occupations in as many or more working places.
Accident Records
The accident classification used for this investigation has subsequently been condensed and modified in some points to become the current Non-Fatal Accident Return Under Coal Mines Act (Ministry of Fuel and Power M.D. Return 39). The data are, therefore, presented in this latter form as an Appendix in Tables A, B , C, and D. The entries are for " compensation " accidents only. Nominally these are accidents which have prevented a man from earning his full wages at his normal work for a period of more than three days, but there are 422% of cases for which absence is reported as three days or less. These men may have returned to surface or light work only, or there may be errors in the records. Table 1 gives the median absence for different occupations. COMPARISON OF INDIVIDUALS To compare individuals on their accident experience it is necessary to have a common unit of measurement. For example, it is impossible to make direct comparison between a collier who has had three accidents in two and a half years and a haulage hand who has had one accident in two years. Some account has to be taken of the differences in objective or inherent risk between the two occupations. In the original studies of accident proneness by Greenwood and Woods (1919) this problem was avoided to a large extent by working with large groups of individuals who were assumed to be exposed to the same risk by virtue of the same number of days worked in the same occupation in the same factory building. To avoid complications caused by absence from work due to accident injury, only minor injuries, not involving absence, were studied.
This procedure raises some practical objections. The use of minor injury data can be criticized. An assumption that major and minor injury accidents are highly correlated in the sense that an individual who has a lot of minor accidents is also likely to have a lot of major accidents has not been verified. It seems likely that the correlation, though positive, is low. A more basic objection lies in the conclusion to be drawn when the Poisson distribution does not fit the data. " Proneness to report a minor injury " is as valid a conclusion as " proneness to experience a minor injury '. This objection cannot be wholly overcome in any kind of survey. Whatever the definition of accident (except fatality), there is a margin within which the individual himself decides whether or not he has sustained an " accident ". If we take as " accidents " those occasions when absence from work is attributable to accident injury, the willingness or unwillingness of the individual to absent himself is a margin of error. For the main purpose of this study an " accident" was defined as an accident which resulted in injury sufficient to warrant compensation. To some extent the onus was, therefore, on the medical officers of the compensation department, working within the prescriptions of the Workmens Compensation Act. There is no doubt that some of the same type of variation persists, but this criterion was adopted as being perhaps the most standard and objective criterion possible under the circumstances. It has also the merit of being easily understood within industry, and the data can readily be collected as part of the existing requirements for the statutory returns.
As men in a coal-mine work in different occupations, in various parts of the colliery, and for varying periods, an assumption of equal risk over equal periods is untenable, and a comparative measure has to be found. For A considerable number of men worked for short periods only during the observational period and, therefore, had only low total accident risks. This was in part due to the " Optant " and " Bevin Boy " schemes which were in force for part of the period. It was decided to exclude from further study all' whose risk was lower than 0300.* Table 2 shows the risk and accident distribution for the remainder.
The observed frequency of accidents in each * This necessitated a slight modification of the calculated risk values. Table 3 shows that this is a systematic discrepancy. Chi squared is 75-52, and with 11 degrees of freedom (as the grand totals do not agree exactly) this gives a probability of less than 0-0001.
The first hypothesis which must be considered to account for this is that if a man has an accident he is absent from work. His risk, based on the number of shifts worked, will be lower than that of an otherwise comparable man who has not had an accident. Therefore, it might be thought that those men who had many accidents would " drift " down into the lower risk categories by virtue solely of their absence. If the absence were long enough this would certainly produce the effect noticed. But this does not seem to be the case. The median absence per accident for the groups of risk 0-300-0-499 and 0-500-0-699 is 10 9 days. This corresponds approximately to an arithmetical average of 13-9 working days. This loss of working days would correspond to a reduction of calculated risk by 0-0467 per accident in the case of colliers, who have a relatively high risk. Thus in the 0 300-0 499 risk group a total expectation of 6-77 accidents may be considered lost in this way. As the actual discrepancy is 47 12, some other cause must be assumed to operate. In addition, the effect is actually overestimated in this simple approach; it cannot be assumed that had there been no absence there would have been no additional accident during the period.
A second possibility is that the low-risk groups contain a higher proportion of individuals who first began underground work during the observational period, and that the discrepancy is due to their inexperience. This is not borne out by the relationship of age to accident history; the younger men, a large proportion of whom are new to the industry, do not show such an increase in incidence over expectation.
A third hypothesis is that there is a relationship between accident proneness and attendance at work. The working records for a period of 20 weeks were studied for three samples of men. The samples were extracted for the observations described in the detailed study of selected individuals and consist of (+) men who had many more accidents than their calculated risk; (=) men who had approximately the same accident history as their calculated risk; (-) men with no, or at most one, accident and a high calculated risk. For this attendance study the full samples were used, except for one (-) individual who was absent for the whole of the 20-week period (Table 4) . Although the term " accident-proneness " has been introduced, it is not very easy to demonstrate its existence in a clear-cut statistical fashion. The systematic discrepancy between the expectation based on risk, and the observed accident frequency discussed above means a choice of assumptions on which chance distributions are to be based. Three chance distributions have been calculated and x2 tests of goodness of fit applied. The distributions from the comparison of individuals are therefore: (1) There are more multi-accident individuals than would be expected on the assumption of equal liability. (2) These multi-accident individuals tend to have been exposed to a comparatively low risk of accident. The evidence is suggestive that they are irregular in their attendance at work.
THE RELATION OF AGE TO ACCIDENT RISK
The data were analysed into five-year age groups, within each of which the total number of accidents and the total calculated risk were found for each of the occupation groups. These are shown in Table 6 .
In considering these observations two points must be borne in mind. The first is that differences in age may be related to differences in actual work. This is particularly to be expected in team occupations, where the youngest are probably acting as assistants, those somewhat older taking the main burden, and the older men directing and supervising the work. The second is concerned with selection effects. The older men in the more strenuous occupations are generally the more physically fit members susceptibility and the observations are descriptive only.
The relationship may be studied in each occupation. For colliers there is little evidence of any relationship, except for a slight superfluity of observed accidents with the young and the old. In actual practice it is likely that the difference in real risk is considerably more than is shown here, for two reasons, both concerned with the working arrangements of the colliery. Young men are trained as colliers on special training faces until they are judged competent for normal face work. On these training faces the amount of coal to be loaded is less than on the full working face, and only the fit men proceed rapidly through the training faces to full work. Thus both environment and selection are at work to reduce the risk of the younger men. Up to a point the environmental difference is taken care of in the calculation of risk.
(Individual faces were used where possible to provide the basis for the calculation of colliers' risk.) At these training faces a number of older men are also employed, particularly the steady workers whose example of good working method is valuable instruction for the trainees. And as only the fit older men continue to work as colliers, it would appear also likely that the effect of age on accident liability is obscured for the older men as well. These points, or their presumed effects, are conjecture, but it seems possible that in the statistically ideal condition of equal sampling and objectively equal exposure the effects of inexperience and age would be much more marked.
Machinemen work as a team, and the relation of age to accident liability is most likely to be derived from the relationship of age to specific occupation in the team.
As mentioned earlier, the rippers, repairers, etc., group is not very homogeneous. Age is likely to be related to actual differences in work.
Haulage involves a lot of very young and inexperienced men, and the less fit members of other age groups. As far as the younger men are concerned, it is usually their first occupation underground, and it is reasonable to suggest that their relatively high accident incidence is due to inexperience, to the specific nature of their work, and also to general conditions underground. Table 7 shows that accidentfree fathers tend to have accident-free sons. Thus the samples can be held to represent the extremes and the middle of the population from which they were drawn.
As the observational period was relatively brief, and in view of the suggestion by Johnson and Cobb (1938) and Johnson (1946) that there is comparatively little correlation in accident proneness over successive observation periods, it seemed necessary to consider whether these samples were representative in a wider sense, i.e., that the accidentprone individuals were persistently so and not merely individuals who had " struck a bad patch " coincidental with the period of observation. A post hoc enquiry was made a year after the investigation. The records could not be treated in detail in that calculated risk could not be measured in any real sense. A few individuals had left the colliery and their records were not available. Taking as a crude measure accident rate per month of exposure (neglecting actual attendance or occupation, although the latter can be assumed to be fairly well balanced for the samples) the following was observed (Table   9 ). The overall differences are significant. As they are based on very crude measures they imply that the samples chosen are representative for a period considerably greater than the observational period. Scoring is the number correct in both cases.
The Rey-Davis Test.-Th.s has been described by Zangwill (1946) . Four squares of wood, each with nine knobs, are arranged to form a large square. In each small square one knob is fiee to move, the others are fixed.
The subject begins at the top left small square and discovers by trial and error which is the free knob. He then goes to the next square clockwise and does the same, continuing round and round until he has learned which is the free knob in each square (five consecutive correct trials being the criterion of learning). The whole square is then rotated ninety degrees clockwise and the subject relearns. The number of errors is taken as the score.
Matching.-This test was devised for the investigation. It consists of six photographs of underground mining operations. These were cut into two, along the N.E.-S.W. diagonal. To make matching less a process of immediate perception, and more a task involving judgment and interpretation of the material, a strip of the photograph along the diagonal was obscured. This provided a gap, which the subject had mentally to jump in his perception. The top portions were fixed on a large sheet, and the six bottom parts were shuffled and handed to the subject A specimen photograph (not one of the six) was demon. strated to the subject to show him how the pieces matched and to draw his attention to clues provided by continuity of scene over the gap. The subject was then asked to match the six bottom pieces against their appropriate tops, two minutes being allowed. They were then shown which matches were correct and which incorrect, appropriately marked cards being placed against the photographs as well as verbal indication given. The subject was allowed to look at this without manipulating it in any way for half a minute. The bottom pieces were removed, shuffled, and the subject made a second attempt, one and a half minutes being allowed. The procedure was repeated for four trials or until perfect matching was obtained. Scoring was on the basis of information gained (Whitfield, 1951 Kendall r correlation, comparing the ranks assigned to the (+) with those assigned to the (=) and (-) groups combined. Hence a positive value means that the (+) group performed better than the others. In each case the significance is tested as described by Whitfield (1947) . It is worth mentioning that r is numerically smaller than the equivalent product moment correlation, but a product moment correlation would not be valid for samples of this nature. * Full details of observations are available on request.
Where the observations permitted good discrimination (as in the performance tests) the data were analysed separately for the four age groups. Where the measures were relatively crude classifications (as in the interview and medical data) the age groups were condensed into (A + B) and (C + D). The correlations are given in Table 10 . The probability values quoted are for the magnitude of the correlation, irrespective of sign. Results of Observations and Tests Acuities.-These show little relationship with accident proneness and the slight indication is contrary to expectation. This does not mean that defect of vision or hearing is necessarily without effect, but it does imply that variation of acuity within the normal (sample) range is of no predictive value for accident proneness. Two cases only of gross defect were observed. One with markedly poor vision was a collier, aged 50 at the time of the investigation and with an accident-free history. The other was a packer and ripper, aged 25, accident average, who suffered from middle-ear defect.
Medical History and Present Medical State.-As mentioned earlier, this largely provided background information, not easily expressible in quantitative terms. The two significant relationships observed are unexpected and interesting. The younger accident-prone men (groups A and B) are heavier than their contemporaries and were judged to be of superior physique.
One case of gross restriction of movement was observed, a collier aged 52, whose right elbow articulation was restricted to about 30 degrees, as a result of a childhood fracture being badly set. He was in the accident-average category, and it is interesting to consider that in spite of this severe restriction of movement he should have proved able to cope with the heavy lifting and shovelling work for so long. One marked post-accident disability case was discovered. A packer-ripper, aged 58, had, before the observation period, received severe head injuries, with considerable loss of intellectual function. The clinical picture was somewhat confused by chronic alcoholism. This man was free from accident during the observational period, but there is some justification for suspecting that this was due to comparative inaction.
Interview Data.-Again this mainly provided background material; the specific questions for the interviewer's judgment did not show much relationship with accident proneness, with the exception of " adversity of circumstances ". Younger accident-prone men show greater adversity, judged by their accounts of upbringing, early life, and present state.
Perceptual-Cognitive Tests.-These show a wellmarked relationship. Younger accident-prone men are markedly deficient in these groups of measures (with which we can associate the Direction Test). Older accident-prone men show no such deficiency; in the C age group they show significant superiority.
Motor Control and Coordination.-There is little relationship in the younger age group with these measures, but the older accident-prone are markedly deficient.
Thus overall it appears that accident proneness is related to the measures in the following way. Younger accident-prone men tend to be heavy, with powerful physique, with little or no impairment of motor control or coordination, but they give markedly poor performances on tests involving perceptual, memory, and cognitive processes.
Older One feature common to both young and old accident prone, and which is possibly a counter argument against this assumption, is their working fewer shifts in a sample period than the others. While this is a common feature if overall averages are used, an alternative measure of number of weeks with the full six shifts or more shows that the younger men work significantly fewer such weeks, whereas the older men do not differ significantly. The difference, however, is not very great, and it appears that short-time working is a feature of accident proneness per se rather than the prerogative of one of the postulated types.
Let us consider first the older accident prone, the man who has normal or good perceptual and cognitive ability, but whose motor control is below normal. As a young man he was probably able to cope with most situations, his anticipation of events enabling him to respond well within the limits of his motor ability. As he grows older, slowly his motor ability deteriorates (not necessarily more rapidly than in other individuals), his reaction time increases. There may also be some deterioration in perceptual and cognitive ability. The stage is reached when an appreciable number of situations, with which he previously could have coped adequately are now just about the limit or beyond the limit of his combined perceptual and motor ability. This is likely to be a slow process, and it is not likely that he is aware of it, or sufficiently aware to modify his working behaviour. It is more likely that he persists in his usual work and usual methods of work and becomes accident prone without knowing anything about such change. It may be suggested that this process might account for the observation, frequently made by factory and mine managements, that some of the safest men might get killed.
The converse problem, why the younger accidentprone men. apparently cease to be so, is less easy to explain. It may be that they leave the industry-as is suggested above. However, some of the test evidence suggests a similarity between the young accident prone and the older accident free. Post-hoc discussion with the interviewer gave rise to the observation that some of the older accident-free men " looked like young accident-prone men who had worn themselves out ". This is very slender evidence, but it is perhaps worth speculating that the active carelessness (lack of foresight, appreciation of the situation, etc.), characteristic of the young accident prone can be replaced by a passive carelessness. Some of the older accident-free men gave the impression at interview that they were accident free largely by virtue of decreased activity and hence decreased risk, unassessable in terms of shifts worked. Accident proneness was related to age, family relationship, and physical and psychological characteristics. Differences were found between the younger and older accident prone; in particular, the younger accident prone showed deficiencies in perception and cognition, whereas the older accident prone were deficient in motor response performance. The occupation is that for which the man was booked on the day of the accident, and does not take into account the odd half hour changes of work which. sometimes han.pen. e.g., a haulage hand would not normally be driving or servicing a cutter machine, but one may have been available when an extra man was required, and in so working he received an injury. 
